Krx-20, a zinc finger protein, plays an essential role in hindbrain segmentation of vertebrates. Zebrafish gene frb35 encodes a novel zinc finger protein that shares a high homology with Krx-20. The expression domains of frb35 overlap those of krx-20. The expression of frb35 first occurs in the 3rd rhombomere primordium at the onset of segmentation, which is soon followed by expression in the 5th rhombomere. From mid-segmentation onward, the 5th rhombomere has a higher frb35 expression level than the 3rd rhombomere. Unlike krx20, frb35 expression persists in the 5th rhombomere until the end of pharyngula period. q
Results and discussion
During vertebrate embryogenesis, the hindbrain is organized into seven to eight segments (rhombomeres) along the antero-posterior axis (Lumsden and Krumlauf, 1996) . Cells within a rhombomere have specific properties and cell mixing between adjacent rhombomeres is prevented by the boundaries between rhombomeres. Such patterning of the hindbrain is regulated by genes expressed in a rhombomere-specific manner. One such gene is Krox-20, which encodes a C 2 H 2 -type zinc finger transcription factor and is expressed in rhombomeres (r) 3 and 5 even before rhombomeres become morphologically identifiable (Wilkinson et al., 1989) . Null mutation of Krox-20 in mouse results in loss of r3 and r5 and their derivatives, suggesting an essential role of Krox-20 in the hindbrain segmentation (Swiatek and Gridley, 1993; Schneider-Maunoury et al., 1993 . Krox-20 exerts its effect on hindbrain development by regulating the expression of other rhombomere-specific genes (Sham et al., 1993; Nonchev et al., 1996; Seitanidou et al., 1997) . Zebrafish krox-20, often named krx-20, was first cloned in 1993 and found to be conserved both in structure and in expression pattern (Oxtoby and Jowett, 1993) .
We have identified a zebrafish gene frb35 (zinc finger protein in r3 and r5), which shows a unique expression pattern during embryogenesis. Its cDNA is 1876-bp long and has a poly (A) tail. We identified one longer open reading frame (ORF) between positions 871 and 1617, which encodes a putative peptide of 248 amino acids. Like zebrafish Krx-20, the putative Frb35 protein contains three C 2 H 2 -type zinc fingers (underlined in Fig. 1 ). The zinc finger domain of Frb35 shares an identity of 93.3% to that of krx-20 (Fig. 1) . The overall identity between Frb35 and the C-terminal half of Krx-20 is 73.5%. Interestingly, Frb35 lacks a domain sharing homology to the first 153 aa domain of Krx-20. However, the ORF of frb35 cDNA can extend upstream to position 502 to encode additional 123 residues before encountering a stop codon. However, the extended region does not contain an initiation codon ATG. We asked whether an initiation codon was lost during the initial cloning of the cDNA or there are alternative splicing forms for the frb35 locus. To address these questions, we used a pair of specific primers to amplify and re-clone the region between positions 7 and 969 of frb35 cDNA using mRNA from 5-to 24-somite embryos. The amplification produced a single product with the expected size (963 bp; data not shown), suggesting absence of alternative splicing isoforms of frb35 RNA. Sequencing of re-cloned 11 clones identified only four substitutions, but none of them would generate new ORFs. Therefore, we believe that frb35 should truly encode a 248 aa peptide. The spatiotemporal expression pattern of frb35 was examined by whole-mount in situ hybridization using digoxigenin-labeled antisense RNA probe. The transcripts are not detectable until the completion of epiboly. Initially, a pair of two faint transverse bands appears at the rostral 2/5 of the embryo with a gap in the midline at 1-somite stage ( Fig. 2A) . These two bands move medially, and soon merge at the midline to become a single, somewhat V-shaped, band at 2-3 somite stages. At this stage, a new pair of bands becomes visible, and they run parallel and caudal to the first fused band (Fig. 2B) . As the neurulation continues, the new pair of bands also moves towards the midline and eventually join together by 4-somite so that two transverse bands can be seen afterwards (Fig. 2C) . The movement and straightening-up of all the initial bands are brought about by convergence and extension. As revealed by double labeling with krx-20 ( Fig. 2N-P) , the rostral band of frb35 labels the 3rd rhombomere while the caudal band marks the 5th rhombomere. A saggital section through the hindbrain of a 6-somite embryo shows that frb35 expression within the two rhombomeres is homogeneous dorsoventrally (Fig. 2F ). However, the expression level in r3 and r5 is dynamic during segmentation period. During early segmentation, the expression level in r3 is slightly higher than in r5 (Fig.  2B-C) . The expression level in r5 catches up with that in r3 at about 5 somites (e.g. Fig. 2D-F) and becomes higher from 10 somites onward (e.g. Fig. 2G ). The frb35 expression in the 3rd rhombomere is hardly detected by the end of segmentation (Fig. 2H-I ). In contrast, the frb35 expression in the 5th rhombomere maintains at a high level even at 48 h ( Fig. 2K-M) and abruptly discontinues at day 3. Sections reveal that frb35 is expressed in the whole 5th rhombomere during pharyngula period ( Fig. 2J-M) . We note that though frb35 and krx-20 have the same expression domain ( Fig.  2N-P) , their temporal expression patterns are somewhat different. First, krx-20 expression is initiated well before the completion of gastrulation (Oxtoby and Jowett, 1993) , earlier than frb35. Second, r3 and r5 express krx-20 at a comparable level but express frb35 at different levels for most of the time. Third, krx-20 ceases expression at about 30 h while frb35 expression persists until 48 h. The expression pattern of frb35, as described above, mimics that of krx-20. Sequence analysis identified a region (positions 1228-1555) of frb35 cDNA that shares 81% homology to a region (positions 846-1173) of krx-20. This raises a possibility that the full-length frb35 probe cross-hybridizes to the homologous region of krx-20 mRNA and thus gives rise to krx-20-like expression pattern. To test this, we performed whole-mount in situ hybridization using the 963-bp subcloned sequence as a probe. The hybridization produces the same pattern as the full-length probe, although the signal is weaker. Therefore, our data suggest that frb35 is related to krx-20 not only in sequence but also in expression pattern. It remains unknown whether Frb35 and Krx-20 play a similar role in establishment of rhombomere identities.
Methods
The first clone identified during in situ screening for tissue-specific genes contains full-length frb35 cDNA and its sequence has been deposited in GenBank Database with an access number AY070229. To confirm the coding sequence, a 963-bp region between positions 7 and 969 was amplified by polymerase chain reaction (PCR) using first-strand cDNA reverse-transcribed from mRNA of 5-to 24-somite embryos as the template and cloned into pGEM-T vector (Promega). The two specific primers have sequences of 5 0 -CCGACTGGAACATATTTACTGG-3 0 and 5 0 -TGTTATTGGGCATGTAGTGGTC-3 0 , respectively. Eleven positive clones were sequenced and compared to the original sequence. The full-length frb35 or the recloned 963-bp sequence was used for generating antisense RNA probes by in vitro transcription. Whole-mount RNA in situ hybridizations were performed essentially using the protocol described by Westerfield (1995) .
